Aim: To investigate the relationship between frequency of interdental cleaning and 11-year change in teeth with periodontal pocketing in Finnish adults. Results: Twelve per cent of adults reported daily interdental cleaning. Significant inverse linear trends in the number of teeth with PD ≥4 mm were found in every survey according to the frequency of interdental cleaning. However, this association was completely attenuated after adjustment for the full set of confounders. Contrarily, toothbrushing frequency was negatively associated with the baseline number of teeth with PD ≥4 mm and its rate of change over time.
| INTRODUC TI ON
Periodontitis is a chronic inflammatory plaque-related disease characterized by the progressive destruction of the tooth-supporting structure (Caton et al., 2018; Papapanou et al., 2018) . Mechanical disruption of the biofilm, via toothbrushing and interdental cleaning, is considered an important strategy for the management of dental caries and gingivitis (Chapple et al., 2015; Jepsen et al., 2017) .
Interdental cleaning, using either floss or interdental brushes, is advocated to clean interproximal areas between adjacent teeth that a regular toothbrush cannot reach efficiently (Salzer, Slot, Van der Weijden, & Dorfer, 2015) . Flossing at least once daily is the most common recommendation for interdental cleaning (ADA, 2019 , PHE/DoH, 2017 .
It is now well established that toothbrushing prevents dental caries, especially when used as a means to deliver fluoride toothpaste (Kumar, Tadakamadla, & Johnson, 2016) , and periodontal disease (Zimmermann et al., 2015) . However, the same cannot be said with regard to interdental cleaning. There is insufficient, mostly weak evidence on the value of flossing and interdental brushing when compared to toothbrushing alone for plaque removal and the maintenance of gingival health (Poklepovic et al., 2013; Salzer et al., 2015; Sambunjak et al., 2011) . Rather than not proven effective, some have argued that there is no high-quality evidence from robust prospective studies to evaluate whether interdental cleaning prevents periodontal disease (Vernon, Da Silva, & Seacat, 2017; .
Given that a clinical trial with a long follow-up period would be needed to observe changes in standard periodontal measurements (such as pocket depth or clinical attachment loss), longitudinal observational studies may provide useful evidence on this important area. Using data from an ongoing cohort, this study explored the association between frequency of interdental cleaning and the 11-year change in teeth with periodontal pocketing in adults.
| MATERIAL S AND ME THODS

This report follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines. The study was not specifically designed to address the research question but rather it was based on secondary analysis of existing data.
| Data source
We pooled together data from three surveys in Finland (Figure 1 ).
The Health 2000 Survey (BRIF8901) was a nationally representative survey of 8028 adults, aged 30 years or more, selected using stratified two-stage cluster sampling (Aromaa & Koskinen, 2004) . Of them, 6335 were dentally examined and 5255 were found to have one or more teeth. In [2004] [2005] 2000 adults were randomly selected from those who were dentally examined in 2000. After excluding participants who died or were edentate, and those living in health centre districts where <15 participants were recruited in 2000, the final sampling frame included 1248 adults who were invited to a new dental examination and 1049 participated. Northern Finland (2 of the 5 examination areas, n = 3713) were invited to participate in a new dental examination, and 1496 agreed (Lundqvist & Mäki-Opas, 2016) . The surveys were approved by the Ethics Committee at the Hospital District of Helsinki and Uusimaa. All participants signed a written informed consent before participation.
Overall, 1788 dentate adults had periodontal data for a minimum of two of the three surveys. Of them, 121 (7%) had missing data on relevant variables (education = 8, smoking status = 8, diabetes = 42, toothbrushing = 76, interdental cleaning = 85, dental attendance = 74) and were thus excluded. Periodontal data were available 
| Variables selection
Interdental cleaning at baseline was the main exposure of interest. A single question asked participants about their frequency of interdental cleaning (use of dental floss or interdental brush) with four response options (daily, weekly, less frequently and not at all).
Demographic characteristics (sex and age), socioeconomic position (education), health status (diabetes) and behaviours (toothbrushing frequency, smoking status and dental attendance pattern), all measured at baseline, were included in the analysis as confounders.
Education was indicated by the highest qualification and participants classified as having completed basic, secondary or higher education. Diabetes was derived from multiple sources, either a positive response to the question "has a doctor ever diagnosed you with diabetes?" or a fasting plasma glucose test ≥7.0 mmol/l. Toothbrushing frequency was collected using five options (more than twice daily, twice daily, once daily, less often than daily and never). As no participants in the study sample reported never brushing, analysis was based on the four remaining groups. Smoking status was defined according to four questions taken from the WHO (1998) questionnaire. Current smokers were those who reported that they smoked at least 100 times in their lifetime, they smoked regularly (daily for at least one year), and they last smoked today or the day before.
Former smokers were those who reported that they smoked at least 100 times in their lifetime but did not smoke during the last year.
Dental attendance pattern was reported using three options (regularly for check-ups, only when in trouble or never). Due to the small number of participants reporting never visiting the dentist (n = 17), they were merged with those reporting only when in trouble. Selfreports on interdental cleaning and toothbrushing were validated against dental plaque levels at baseline. Dental plaque was assessed at three tooth surfaces (buccal surface of the most posterior tooth Aromaa, , 2008 . The number of teeth with PD ≥ 4 mm for each participant was calculated in every survey and used as a repeated outcome measure (Joshi, Suominen, Knuuttila, & Bernabe, 2018) . TA B L E 1 Validity of self-reports of toothbrushing and interdental cleaning frequency against clinical levels of dental plaque
The 4-mm cut-off point reflects shallow pocketing and is the lower of two thresholds recommended for reporting PD data in epidemiological studies (Holtfreter et al., 2015; WHO, 2013) .
| Statistical analysis
Analyses were carried out using Stata SE version 15 (StataCorp LP, College Station, TX). The associations of interdental cleaning and toothbrushing with the number of teeth with PD ≥ 4 mm in every survey were first examined. Student's t test was used to compare the number of teeth with PD ≥ 4 mm by sex, diabetes and dental attendance pattern whereas the analysis of variance (ANOVA) was used to compare the number of teeth with PD ≥ 4 mm by age groups, education, smoking status, toothbrushing, interdental cleaning and number of teeth. Age and number of teeth were treated as categorical for these bivariable presentations only.
A linear mixed effects (LMEs) model was fitted to model the 11-year change in teeth with PD ≥ 4 mm using the three periodontal assessments. LME models can model correlated (repeated) outcome measures with missing data and unevenly spaced measurement occasions (Singer & Willett, 2003; Twisk, 2013) . The likelihood ratio test (LRT) was used to evaluate whether the addition of the interaction terms to the main effects model improved the goodness-of-fit of the model. The null hypothesis for the LRT assumes that the interaction terms are equal to zero and that the model containing only the main effects of predictors should be preferred.
The final LME model consisted of all main effects and any significant interactions with time. To aid interpretation of the significant interactions, predicted mean number of teeth with PD ≥ 4 mm at every survey (i.e. trajectories over time) was computed from the final LME model stratified according to the categories of the predictor.
| RE SULTS
The study sample consisted of 54% women and middle-age adults and 29.4% of adults brushed their teeth at least twice daily and reported weekly interdental cleaning. Toothbrushing was more common among female, more educated and non-diabetic adults as well as among those with more teeth and reporting regular dental checkups. Interdental cleaning was more common among females, more educated participants and never smokers as well as among those with more teeth and reporting regular dental check-ups (Table 2) .
Toothbrushing and interdental cleaning were positively correlated (Spearman's rho: 0.25, p < 0.001). Table 3 
| D ISCUSS I ON
This longitudinal study found no benefit of interdental cleaning to prevent periodontal pocketing, over and above the effect of toothbrushing. Although interdental cleaning was inversely associated with periodontal pocketing in crude models, the association was fully accounted for by established risk factors for periodontal disease, which included diabetes, other behaviours (smoking, toothbrushing and dental attendance) and sociodemographic factors.
Although a negative dose-response relationship between interdental cleaning at baseline and levels of periodontal pocketing was observed at every timepoint, they become non-significant when potential confounders of the association were modelled. Toothbrushing and interdental cleaning were positively correlated in this sample, whereby interdental cleaning was more common among adults who brushed their teeth more often. It is therefore likely that interdental cleaning acted as a surrogate for (self-reported) toothbrushing frequency in unadjusted models. Another important confounding factor is socioeconomic position (indicated by participants' level of education in this study). There is strong evidence on the existence of social inequalities in periodontal disease (Borrell & Crawford, 2012; Schuch, Peres, Singh, Peres, & Do, 2017) . Dental behaviours are also socially patterned as they are moulded by the circumstances where people live (Sanders, Spencer, & Stewart, 2005; Singh, Rouxel, Watt, & Tsakos, 2013) . Failing to account for confounding factors and temporality between variables may explain differences with findings from three recent studies based on national cross-sectional data (Cepeda, Weinstein, Blacketer, & Lynch, 2017; Lee, Shin, Lee, & Kim, 2018; Marchesan et al., 2018) . That said, the proportion of participants reporting weekly interdental cleaning in this sample was much lower at 29.4% than that reported among American adults at 69% (Cepeda et al., 2017; Marchesan et al., 2018) , which might explain, at least partially, the present findings.
Smoking was the strongest predictor of changes in periodontal pocketing, with differences of up to 2.6 teeth with shallow pockets between current and never smokers by the end of the follow-up.
Toothbrushing was inversely associated with periodontal pocketing.
By the end of the follow-up, adults brushing their teeth once, twice and more than twice daily had, on average, two teeth with pocketing less than those brushing less often than daily. Diabetes and problem-oriented visits were associated with the baseline number of teeth with pocketing, but not with its rate of change over time. To clarify, these findings suggest that diabetic adults and those visiting the dentist regularly for check-ups started the follow-up period having more teeth with pocketing, but those differences did not worsen over time. The link between diabetes and periodontal disease is well established (Nascimento, Leite, Vestergaard, Scheutz, & Lopez, 2018) . In addition, regular dental visits for check-ups might help maintaining periodontal health and controlling disease progression 
TA B L E 2 (Continued)
TA B L E 3 Number of teeth with pocketing ≥ 4 mm by baseline predictors TA B L E 4 Linear mixed effects (LMEs) models for the association between baseline predictors and number of teeth with pocketing ≥ 4 mm over 11 years (n = 1667) theory-driven population-based and chair-side strategies to encourage adherence to regular toothbrushing.
This study is not without limitations. First, because there were differences between those included and excluded from the study sample, the findings are not generalizable to the Finnish adult population. Second, the periodontal assessment was based on pocket depth only. Gingival recession and thus clinical attachment loss (CAL) were not assessed. PD change is not a reliable predictor of CAL (Michalowicz, Hodges, & Pihlstrom, 2013) . A person could have stable levels of pocketing over time but increasing levels of recession, and therefore, periodontal disease progression (Holtfreter et al., 2015) . Third, only one code (i.e.
the worst condition) per tooth was recorded despite four sites per tooth being examined. As only interproximal sites would benefit from interdental cleaning, recording the deepest site per tooth (i.e. any of the four sites inspected) could have masked the association with interdental cleaning. In addition, partialmouth recording yields lower prevalence and severity rates (Eke, Thornton-Evans, Wei, Borgnakke, & Dye, 2010; Kingman, Susin, & Albandar, 2008; Susin, Kingman, & Albandar, 2005) .
Fourth, interdental cleaning and toothbrushing were assessed through self-reports, which are prone to measurement error and weaker associations (Norwood, Hughes, & Amico, 2016) .
Misclassification of exposure could have occurred if participants reporting favourable behaviours did not have enough manual dexterity to remove plaque effectively. Although the two behaviours were validated against clinical levels of dental plaque, participants' skills and extent of cleaning were not clinically confirmed. Finally, although data on behaviours were collected in two surveys (2000 and 2011), we only used 2000 data to avoid reciprocal causation (also known as reverse causality or endogeneity) that could have arisen in models linking contemporaneous data about time-varying predictors and outcome (i.e., effectively converting panel data into cross-sectional data) (Singer & Willett, 2003) . Therefore, our research design (regressing repeated outcome measures upon baseline exposure) was robust to control for temporality, but do not represent changes in behaviours that occur over time.
In conclusion, this longitudinal study found no association between interdental cleaning and change in periodontal pocketing among Finnish adults after accounting for well-known determinants of periodontal disease. On the contrary, toothbrushing frequency was inversely associated with change in periodontal pocketing.
ACK N OWLED G M ENTS
The Predicted number of teeth with PD > 4 mm
